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FIGURE 1.—Locations of the upper and lower reaches
of the Snake River where adult fall chinook salmon
spawn and their offspring were captured by using a
beach seine (cross hatched ellipses), and Lower Granite
and Little Goose dams and reservoirs. The locations are
as follows: 1 = the historical spawning and rearing area
near Marsing, Idaho; 2 = Brownlee Dam; 3 = Oxbow
Dam; 4 = Hells Canyon Dam; 5 = Snake River upper
reach; 6 = Snake River lower reach; 7 = Lower Granite
Reservoir; 8 = Lower Granite Dam; 9 = Little Goose
Dam; 10 = Lower Monumental Dam; and 11 = Ice
Harbor Dam.

mouth. Thermographs were typically stationed off-
shore in relatively deep water to ensure submer:
gence at all flow levels. Thermograph locations in
the Snake River varied by year and flow level. Data
were collected at rkm 383, rkm 369, rkm 325, and
rkm 303 in the upper reach of the Snake River,
and at rkm 290, rkm 287, rkm 274, rkm 265, and
rkm 251 in the lower reach of the Snake River. No
temperature data were available for the lower reach
of the Snake River in 1996 or for either reach in
2000 because of thermograph failure.

The daily mean water temperature was calcu-
lated from thermograph output. Data for two or
more thermographs in the Snake River were av-
eraged within a reach to provide one daily mean
water temperature value. Missing daily mean val-
ues were predicted by using ordinary least-squares
regression (r> = 0.94-0.99). For example, missing

daily mean values were predicted for 30 June to
7 July 1999 by using a regression model fit from
the observed day of the year (e.g., 1 January = 1)
and daily mean water temperatures collected 3
weeks before 30 June and 3 weeks after 7 July
1999.

Daily mean water temperature data were also
collected in the tailrace of Lower Granite Dam
(Figure 1) from 1995 to 1998 (U. S. Army Corps
of Engineers, Walla Walla District, unpublished
data). We used data collected in the forebay of
Lower Granite Dam when tailrace data were un-
available.

Two water temperature indices were calculated
from the daily mean water temperature data. Mean
spring (20 March to 20 June) water temperatures
in each reach of the Snake River were used as an
index of growth conditions during shoreline rear-
ing. Mean spring—summer (20 March to 21 Sep-
tember) water temperatures at Lower Granite Dam
were used as an index of growth conditions during
seaward migration.

Growth.—Fall chinook salmon were captured in
the upper and lower reaches of the Snake River
from 1992 to 2000 (Connor et al. 2002). We an-
alyzed data collected on fall chinook salmon from
1995 to 2000 because data sets were complete for
both the upper and lower reaches of the Snake
River.- Samiipling was conducted using a beach
seine (Connoretal 1998). Beach seining typically
started in April soon after fry began emerging from
the gravel, and was conducted 1 d/week at per-
manent stations in the upper reach of the Snake
River and 2 d/week in the lower reach. Once a
majority of fish were at least 60 mm fork length
(FL), additional stations were sampled in each
reach for three consecutive weeks. Sampling was
discontinued in June or July when the majority of
fish had moved into Lower Granite Reservoir.

Passive integrated transponder (PIT) tags (Pren-
tice et al. 1990a) were inserted into fall chinook
salmon parr 60 mm FL and longer (Connor et al.
1998). Tagged parr were released at the collection
site after a 15-min recovery period. Some of these
PIT-tagged parr were recaptured at beach seining
stations up to 46 d after initial capture. We cal-
culated growth in fork length (mm/d) for parr as
fork length at recapture minus fork length at initial
capture divided by the number of days between
initial capture and recapture.

Some of the PIT-tagged fish were detected as
smolts as they passed downstream in the juvenile
bypass systems of Lower Granite and Little Goose
dams (Figure 1), which were equipped with PIT-
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TaBLE 1.—Mean spring water temperatures (°C) mea-
sured in the upper and lower reaches of the Snake River
and mean spring—summer water temperatures measured at
Lower Granite Dam, 1995-1999. Grand mean water tem-
peratures = SE are also given.

CONNOR AND BURGE

TABLE 2.—Mean growth rates (mm/d = SD) for wild
fall chinook salmon parr in the upper and Jower reaches
of the Snake River, 1995-2000. Sample sizes are in pa-
rentheses. The grand mean * SE growth rates were sig-
nificantly different (P = 0.003).

Snake River

Mean growth rate

Year and Lower Granite Year and

mean Upper reach  Lower reach Reservoir mean Upper reach Lower reach
1995 118 10.9 15.0 1995 1.2 + 0.3 (148) 1.0 = 0.3 (78)
1996 12.7 153 1996 1.1 £ 0.2 (19) 0.9 = 0.4 (49)
1997 12.4 1.2 14.4 1997 1.3 = 0.2 (20) 0.8 + 0.3 (80)
1998 12.0 11.5 155 1998 1.1 = 0.3 (112) 0.9 = 0.3 (129)
1999 12.3 10.6 1999 1.3 £03 171 1.1 + 0.3 (92)
Grand means 120 * 0.2 11.1 0.2 15.1 £ 0.2 2000 1.3 = 0.2 (90) 1.0 # 0.3 (40)

Grand means 12 £ 0.04 1.0 £ 0.04

tag monitors (Matthews et al. 1977, Prentice et al.
1990b). We recaptured a subsample of the detected
smolts using a diversion device (Downing et al.
2001) located in the fish bypass system of Lower
Granite Dam in 1995, and Little Goose Dam from
1996 to 1998. We calculated the growth rate for
smolts using the equation described for parr.

Statistical analyses.—We calculated grand mean
growth rates by reach and life stage event. For
example, grand mean growth rate for parr in the
upper reach of the Snake River was calculated as
the mean of the six mean annual growth rates for
parr in the upper reach. The grand mean growth
rate for the parr life stage was calculated as the
mean of the 12 mean annual growth rates for parr
of both reaches.

We used analysis of variance (ANOVA; alpha
= 0.05) with a randomized block design blocking

on year to test three null hypotheses: (1) there is
1 i o
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in the lower reach (Table 1). Water temperatures
measured at Lower Granite Dam during the
spring—summer period were warmer than those
measured in both reaches of the Snake River dur-
ing spring (Table 1).

During the 6 years, PIT tags were inserted into
7,506 fall chinook salmon parr. Of these, 1,028
were recaptured (Table 2). Approximately 80% of
the parr used to calculate growth rates were tagged
and then recaptured during the spring. Fork length
of PIT-tagged parr during shoreline rearing aver-
aged 69 = 8 mm (SD). Growth rate was signifi-
cantly higher (P = 0.003) for parr in the upper
reach than for parr in the lower reach (Table 2).

In all, 677 PIT-tagged smolts were recaptured
at both Lower Granite and Little Goose dams (Ta-
ble 3). Approximately 99% of these recaptured
smolts passed the dams during the spring and sum-
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FiGURE 2—The relation between Snake River fall chi-
nook salmon parr (upper reach, vertical and horizontal
lines; lower reach, vertical lines) and smolt (upper reach,
solid circles; lower reach, open circles) growth rates and
water temperature The regression equation given as:

parr than the lower reach partly because it was
warmer. Parr growth was slower than smolt growth
partly because water temperatures during shoreline

fearing were cooler than during seaward migra-

tion. The smolts originating from the upper and
lower reaches of the Snake River grew at approx-
imately the same rates partly because they shared
a common, relatively warm migration environ-
ment.

Numerous dams were constructed along the
Snake River during the 20th century that reduced
the potential of the Snake River to support fall
chinook salmon. Brownlee, Oxbow, and Hells
Canyon dams eliminated spawning and rearing in
the most productlve habitat ngar Marsing. Idaho
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in Tables 1, 2, and 3

nificantly lower (P = 0.002) than smolt growth
rates.

Growth rate was positively correlated with water
temperature (N = 17, 2 = 0.62, P = 0.0002; Fig-
ure 2).

Discussion

Our study was subject to several limitations.
Sample sizes of parr and smolts used to calculate
growth rates were small in some cases because of
low abundance, difficult sampling conditions, and
logistical constraints imposed by the dams.'We did
not analyze all the factors that affect the growth
of juvenile anadromous salmonids. Water temper-
ature was a logical variable to study because it
regulates the growth of young fall chinook salmon
(e.g., Banks et al. 1971; Marine 1997). We used
thermograph data collected offshore in the Snake
River and at Lower Granite Dam as indices of the
water temperatures experienced by young fall chi-
nook salmon. The actual water temperatures ex-
perienced by parr during rearing and smolts during
seaward migration were not completely repre-
sented by these indices. Local water temperature
data collected where fall chinook salmon rear and
pass downstream would have improved our re-
gression analysis, but such data would be difficult
to collect and were not available from 1995 to
2000.

In <nite of thece limitations we found that dif-

torical information on the growth rate of Snake
River fall chinook salmon, but water temperatures
were warmer near Marsing than presently ob-
served in the upper and lower reaches of the Snake
River. Spring water temperatures in the Snake Riv-
er near Marsing averaged 14.2°C in 1961, 14.4°C
in 1962, and 13.5°C in 1963 (Connor et al. 2002),
which were the last 3 years this reach of river
supported fall chinook salmon. Based on our re-
gression equation, these temperatures would result
in growth rates of 1.3, 1.3, and 1.2 mm/d compared
with the average rates of 1.2 and 1.0 mm/d we
observed in the upper and lower reaches, respec-
tively, of the Snake River from 1995 to 2000. Fall
chinook salmon parr probably grow more slowly
in the upper and lower reaches of the Snake River
thanr they did in the relatively warmer water of the
Shake River near Marsing.

~Although parr in present-day rearing areas might
grow ‘more slowly than their historical counter-
parts, they still exhibit rapid growth by comparison
with those of other present-day stocks of ocean-
type chinook salmon. Growth rates reported for
juvenile, ocean-type chinook salmon in presum-
ably productive brackish and saltwater habitat
along the Pacific coast of North America ranged
from 0.4 to 1.3 mm/d (Healey 1980; Kjelson et al.
1982; Buckman and Ewing 1982). The rapid
growth we observed occurred during the critical
spring time period associated with successful -
smoltification (Dickhoff et al. 1997; Beckman and
Dickhoff 1998), and it likely contributes to the

maintenance of an ocean-tune life hictarv hu



598 CONNOR AND BURGE

‘ment activities with the potential to decrease fan. 2001a. Early life history attributes and run
growth rates below .1995-2000 levels should be composition of wild subyearling chinook salmon
monitored. Releasing large numbers of hatchery gf:rﬂizr%da;fte;];:f;ﬁ?%f;::::?;;;gg{ower
fall chinook salmon into the Snake River to sup- . wp y L. Burge, R. Waitt and T.C. Bjérnn.

plement wild production might eventually reduce 2002. Juvenile life history of wild fall chinook

- growth through intraspecific competition (e.g., salmon in the Snake and Clearwater rivers. North

McMichael et al. 1997). Releasing cool water from American Journal of Fisheries Management 22
703-712.

reservoirs upstream of Lower Granite Reservoir to .
imProve the downstream migration rate and sur- Connor, W. P, A. R. Marshall, T. C. Bjornn, and H. L.

.y D i a0 1o Y e -

> ——
1]
t
{
i

¥

{

|

[
N

[







